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SUBSTRATE VOLTAGE GENERATING CIRCUIT 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 
The present invention relates to a substrate voltage generating 
circuit. This application claims priority under 35 USC §119 (e) (1) of 
provisional application No. 60/413770 filed September 27, 2002. 

DESCRIPTION OF THE RELATED ART 
With a dynamic random access memory (hereinafter referred to 
as a DRAM), a substrate voltage generating circuit for generating a 
negative voltage is generally incorporated on top of a DRAM chip for 
the following reasons. 

A first reason is to prevent PN junctions in memory chips from 
being partially forward biased, thereby preventing data destruction of 
memory cells, occurrence of a latch up phenomenon, and so forth. A 
second reason is to reduce variation in threshold voltage of MOS 
transistors, due to a body effect, thereby achieving stability in circuit 
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operation. A third reason is to raise the threshold voltages of parasitic 
MOS transistors. A fourth reason is to cause PN junction capacitance to 
be reverse biased, thereby achieving a higher speed of circuit operation. 
However, a conventional substrate voltage generating circuit has 
5 had a problem in that it is unable to generate a substrate voltage as 
desired. This is due to delay in operation of a level shift circuit, which 
is a constituent of the substrate voltage generating circuit. Further, the 
conventional substrate voltage generating circuit has had another 
problem of large power consumption. This is due to flow of 
10 penetrating current in the level shift circuit, which is the constituent of 
the substrate voltage generating circuit. Furthermore, the conventional 
substrate voltage generating circuit has had still another problem in 
that a circuit area is large. This is due to the fart that a layout area of 
the level shift circuit, the constituent of the substrate voltage generating 
1 5 circuit, needs to be enlarged. 

SUMMARY OF THE INVENTION 
According to one aspect of the present invention, there is 
provided a substrate voltage generating circuit which includes a first 
20 power supply node supplied with a first potential level; a second power 
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supply node supplied with a second potential level lower than the first 
potential level; an output node receiving a voltage having a third 
potential level lower than the second potential level; a level shift circuit 
which is coupled between the first power supply node and the output 

5 node, which receives an input signal having the first and second 
potential levels, and which outputs an output signal having the first 
potential level and the third potential level; and a switch circuit which 
connects the second power supply node to the output node in response 
to the output signal. 

10 The above novel features of the invention will more fully appear 

from the following detailed description, appended claims and the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 Fig. 1 is a circuit diagram showing a configuration of a substrate 

voltage generating circuit according to a first embodiment of the 
present invention; 

Fig. 2 is a circuit diagram showing a configuration of a level shift 

circuit. 

20 Fig. 3 is a circuit diagram showing a configuration of a substrate 
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voltage generating circuit according to a second embodiment 
present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 A substrate voltage generating circuit according to preferred 

embodiments of the present invention will be explained hereinafter 
with reference to figures. In order to simplify explanation, like elements 
are given like or corresponding reference numerals through this 
specification and figures. Dual explanations of the same elements are 
10 avoided. 

First preferred embodiment 
Fig. 1 is a circuit diagram showing a configuration of a substrate 
voltage generating circuit according to a first embodiment of the 
invention. The substrate voltage generating circuit according to the 
15 first embodiment of the invention comprises an output node OUTvbb 
from which a substrate voltage VBB is outputted, level shift circuits 101, 
102 which invert a voltage level of an input signal and output the 
inverted input signal, a switch element SW1 which is subjected to an 
on-off control in response to an output signal of the level shift circuit 
20 101, a switch element SW2 which is subjected to an on-off control in 



response to an output signal of the level shift circuit 102, a capacitance 
element CI which effects charging and discharging in response to the 
output signal of the level shift circuit 101, and a capacitance element 
C2 which effects charging and discharging in response to the output 
signal of the level shift circuit 102. 

The level shift circuit 101 is connected between a first power 
supply node to which a power supply voltage VDD (first power voltage) 
is supplied, and the output node OUT.vbb. An input signal in.101 (first 
input signal) is supplied to an input terminal IN of the level shift circuit 
101 and an input signal /in .101 (second input signal), which is 
complementary to the input signal in .101, is supplied to an input 
terminal /IN. The input signal in.101 and the input signal /in.101 are 
signals each having an amplitude ranging from a power supply voltage 
VDD to a power supply voltage VSS (hereinafter referred to as 
VDD/VSS). For example, the power supply voltage VDD is set to 3.0 V 
and the power supply voltage VSS is set to 0V. An output signal out 101 
is outputted from an output terminal OUT of the level shift circuit 101. 
The output signal out 101 a signal having the amplitude ranging from a 
power supply voltage VDD to a substrate voltage VBB (hereinafter 
) referred to as VDD/VBB). The substrate voltage VBB is a negative 



voltage which is lower than the power supply voltage VSS. For example, 
the substrate voltage VBB is set to .1.5 V. 

An input terminal of an inverter circuit INV1 is connected to 
the output terminal OUT of the level shift circuit 101, and an output 
5 terminal thereof is connected to the switch element SW1. An output 
signal of the inverter circuit INV1 is a signal having an amplitude of 
VDD/VBB. The switch element SW1 is made up of an n-channel MOS 
transistor (hereinafter referred to as NMOS transistor). A control 
electrode (gate) of the NMOS transistor constituting the switch element 
10 SW1 is connected to the output terminal of the inverter circuit INV1, a 
first electrode thereof is connected to a node nl, and a second electrode 
thereof is connected to the output node OUT.vbb. The node nl is 
connected to a second power supply node to which the power supply 
voltage VSS (second power supply voltage) is supplied. 
15 An input terminal of an inverter circuit INV3 is connected to an 

output terminal of the inverter circuit INV1 and an output terminal 
thereof is connected to the capacitance element CI. An output signal 
of the inverter circuit INV3 is a signal having an amplitude of VDD/VSS. 
The capacitance element CI is connected between the node nl and the 
20 output terminal of the inverter circuit INV3. 



The level shift circuit 102 is connected between the first power 
supply node to which the power supply voltage VDD (first power 
voltage) is supplied, and the output node OUT.vbb. An input signal in. 
102 (first input signal) is supplied to an input terminal IN of the level 
shift circuit 102 and an input signal /In. 102, which is complementary to 
the input signal in. 102, is supplied to an input terminal /IN thereof. 
The input signal in.102 and the input signal /in.102 are signals each 
having an amplitude of VDD/VSS. An output signal out . 102 is 
outputted from an output terminal OUT of the level shift circuit 102. 
The output signal out 102 is a signal having an amplitude of VDD/VBB. 

An input terminal of an inverter circuit INV2 is connected to 
the output terminal OUT of the level shift circuit 102, and an output 
terminal thereof is connected to the switch element SW2. An output 
signal of the inverter circuit INV2 is a signal having an amplitude of 
VDD/VBB. The switch element SW2 is made up of an NMOS transistor. 
A control electrode (gate) of the NMOS transistor constituting the 
switch element SW2 is connected to the output terminal of the inverter 
circuit INV2, a first electrode thereof is connected to a node n2, and a 
second electrode thereof is connected to the output node OUT.vbb. 
The node n2 is connected to a second power supply node to which the 



power supply voltage VSS is supplied. 

An input terminal of an inverter circuit INV4 is connected to 
the output terminal of the inverter circuit INV2 and an output terminal 
thereof is connected to the capacitance element C2. An output signal 
5 of the inverter circuit INV4 has an amplitude of VDD/VSS. The 
capacitance element C2 is connected between the node n2 and the 
output terminal of the inverter circuit INV4. 

An output signal osc of an oscillator circuit (not sown) is 
supplied to a first input terminal of a NAND 1 circuit, a power down 
10 signal pump is supplied to a second input terminal thereof, and an 
output signal of an inverter circuit INV6 is supplied to a third input 
terminal thereof. The NAND 1 circuit outputs an inverting signal of a 
logical product (AND). An output signal of the NADN 1 circuit is a 
signal having an amplitude of VDD/VSS. 
15 An output signal /osc of an oscillator circuit (not sown) is 

supplied to a first input terminal of a NAND 2 circuit, the power down 
signal pump is supplied to a second input terminal thereof, and an 
output signal of an inverter circuit INV5 is supplied to a third input 
terminal thereof. The output signal /osc is a signal having a phase 
20 opposite to the output signal osc supplied to the first input terminal of 
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the NAND 1 circuit. The NAND 2 outputs an inverting signal of the 
logical product (AND). An output signal of the NADN 2 is a signal 
having an amplitude of VDD/VSS. 

An input terminal of an inverter circuit INV7 is connected to an 
output terminal of the NAND 1 circuit and an output terminal thereof is 
connected to the input terminal /IN of the level shift circuit 101. An 
output signal of the inverter circuit INV7 is a signal having an 
amplitude of VDD/VSS. An input terminal of an inverter circuit INV8 is 
connected to an output terminal of the NAND 2 circuit, and an output 
terminal thereof is connected to the input terminal /IN of the level shift 
circuit 102. An output signal of the inverter circuit INV8 is a signal 
having an amplitude of VDD/VSS. 

The configuration of the level shift circuit 101 is now described 
with reference to Fig. 2. Fig. 2 is a circuit diagram showing the 
configuration of the level shift circuit 101. The level shift circuit 101 
comprises p-channel MOS transistors (hereinafter referred to as PMOSs) 
PI (first transistor) and P2 (second transistor), n<hannel MOS 
transistors (hereinafter referred to as NMOSs) Nl (third transistor), N2 
(fourth transistor), N3 (fifth transistor) and N4 (sixth transistor). The 
PMOS transistor PI has a gate to which the input signal in. 101 is 



supplied, a source connected to the first power supply node to which 
the power supply voltage VDD is supplied, and a drain. The PMOS 
transistor P2 has a gate to which the input signal /in. 101 having a 
phase opposite to the input signal in . 101 is supplied, a source 
connected to the first power supply node to which the power supply 
voltage VDD is supplied, and a drain connected to a node n21 (first 
node). The NMOS transistor Nl has a gate to which the input signal in. 
101 is supplied, a source connected to the NMOS transistor N3, and a 
drain connected to the drain of the PMOS transistor PI. The NMOS 
transistor N2 has a gate to which the input signal /in.101 is supplied, a 
source connected to the NMOS transistor N4, and a drain connected to 
the drain of the PMOS transistor P2. The NMOS transistor N3 has a 
gate connected to the node n21, a source connected to the output node 
OUT.vbb, and a drain connected to the source of the NMOS transistor 
Nl. The NMOS transistor N4 has a gate connected to the drain of the 
PMOS transistor PI, a source connected to the output node OUT.vbb, 
and a drain connected to the source of the NMOS transistor N2. The 
node n2 1 is connected to the output terminal OUT. 

The thickness of gate oxide films of the NMOS transistors Nl 
) and N2 are thicker than those of the NMOS transistors N3 and N4. The 
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above thickness relationship between these NMOS transistors is 
required in order that the NMOS transistors Nl and N2 function as 
resistance elements sufficiently. 

The level shift circuit 102 has the same configuration of the 
5 level shift circuit 101 shown in Fig. 2, and also has the input terminal IN 
to which the input signal ln.102 is supplied and the input terminal /IN 
to which the input signal /in.102 is supplied. 

An operation of the substrate voltage generating circuit 
according to the first embodiment of the invention is now described. 
10 When the substrate voltage generating circuit is active (operative), the 
power down signal pump holds "H». The signal osc is the output signal 
of the oscillator circuit (not shown) and it is alternately repeated 
between "H" and V . The signal /osc is an inverting signal of the 
signal osc and it is alternately repeated between «L" and "H". 
15 Described first is an operation in the case where the signal osc 

is «H" and the signal /osc is "V. The signal osc of «H", the power down 
signal pump of V, and the output signal of V of the inverter circuit 
INV6 are supplied to the input terminal of the NAND 1 circuit 
respectively, so that the output signal (input signal in.101) of the NAND 
20 lcircuitgoes«L"(powersupplyvoltageVSS). The inverter circuit INV7 
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inverts the input signal of V and outputs the signal (input signal /in. 
101) of «H" (power supply voltage VDD). The level shift circuit 101 
outputs the output signal out. 101 of V (substrate voltage VBB) in 
response to the input signal in 101 of V (power supply voltage VSS) 
5 and the input signal /in.101 of "FT (power supply voltage VDD). 

An operation of the level shift circuit 101 is described next with 
reference to Fig. 2. When the input signal in.101 of V (substrate 
voltage VBB) is supplied to the input terminal IN, the PMOS transistor 
PI turns ON. At this time, since the substrate voltage VBB is supplied to 
10 the source of the NMOS transistor Nl, the NMOS transistor Nl does not 
turn ON completely and functions as a resistance element. Further, 
since the thickness of the gate oxide film of the NMOS transistor Nl is 
set to a thickness thicker than those of the NMOS transistors N3 and N4, 
the NMOS transistor Nl has relatively high resistance value at this time 
15 period. 

Since the input signal /in.101 of "FT (power supply voltage 
VDD) is supplied to the input terminal /IN, the PMOS transistor P2 
turns OFF, and hence the NMOS transistor N2 turns ON. Since the 
NMOS transistor Nl functions as the resistance element, the signal of 
20 "H" (power supply voltage VDD) is instantaneously supplied to the gate 
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of the NMOS transistor N4, and hence the NMOS transistor N4 turns ON. 
This means that the level shift circuit 101 operates rapidly. Since the 
NMOS transistor N4 turns ON, the voltage of the output terminal OUT 
goes V (substrate voltage VBB). Since the voltage of the output 
5 terminal OUT goes V (substtate voltage VBB), the NMOS transistor N3 
turns OFF. In such a manner, the output signal out . 101 of V 
(substrate voltage VBB) is outputted from the output terminal OUT of 

the level shift circuit 101. 

The inverter circuit INV1 outputs the signal of «H» (power 
10 supply voltage VDD) in response to the signal of "L" (substrate voltage 
VBB). The inverter circuit INV3 outputs the signal of V (power supply 
voltage VSS) in response to the signal of «H» (power supply voltage 
VDD). At this time, the node nl goes "V, i.e. the substrate voltage VBB 
level by the capacitance element CI. The switch element SW1 turns 
15 ON in response to the signal "FT (power supply voltage VDD). When 
the switch element SW1 turns ON, the substrate voltage VBB is 
transferred to the output node OUT.vbb. 

At this time, the signal /osc of V, the power down signal 
pump of «H", and the output signal of V of the inverter circuit INV5 
20 are supplied to the input terminal of the NAND 2 circuit respectively, so 
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that the output signal (input signal in.102) of the NAND 2 circuit goes 
«H" (power supply voltage VDD). The inverter circuit INV8 inverts the 
input signal of "H" and outputs the signal (input signal /in.102) of "L" 
(power supply voltage VSS). The level shift circuit 102 outputs the 
5 output signal out.102 of "H" (power supply voltage VDD) in response to 
the input signal in.102 of "H" (power supply voltage VDD) and the 
input signal /in.102 of "L" (power supply voltage VSS). 

An operation of the level shift circuit 102 is described next with 
reference to Fig. 2. When the input signal in.102 of "H" (power supply 
10 voltage VDD) is supplied to the input terminal IN, the PMOS transistor 
PI turns OFF and the NMOS transistor Nl turns ON. Since the input 
signal /in.102 of "L" (power supply voltage VSS) is supplied to the input 
terminal /IN, the PMOS transistor P2 turns ON. At this time, since the 
substrate voltage VBB is supplied to the source of the NMOS transistor 
15 N2, the NMOS transistor N2 does not turn ON completely, and it 
functions as a resistance element. Further, since the thickness of the 
gate oxide film of the NMOS transistor N2 is set to a thickness thicker 
than those of the NMOS transistors N3 and N4, the NMOS transistor N2 
has relatively high resistance value at this time period. Since the NMOS 
20 transistor N2 functions as the resistance element, the signal of "H" 
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(power supply voltage VDD) is instantaneously supplied to the gate of 
the NMOS transistor N3, and hence the NMOS transistor N3 turns ON. 
This means that the level shift circuit 102 operates rapidly. Since the 
NMOS transistor N3 turns ON, the signal of "L" (substrate voltage VBB) 
5 is supplied to the gate of the NMOS transistor N4, and hence the NMOS 
transistor N4 turns OFF. In such a manner, the output signal out.102 of 
"H" (power supply voltage VDD) is outputted from the output terminal 
OUT of the level shift circuit 102. 

The inverter circuit INV2 outputs the signal of "L" (substrate 
10 voltage VBB) in response to the signal of "H" (power supply voltage 
VDD). The inverter circuit INV4 outputs a signal of "H" (power supply 
voltage VDD) in response to the signal of "L" (substrate voltage VBB). 
The switch element SW2 turns OFF in response to the signal of "L" 
(substrate voltage VBB) . 
15 Thereafter, since the signal /osc and the signal osc go "L" 

alternately, the voltage of the nodes n2 and nl go "L" , i.e. the substrate 
voltage VBB level, and hence the substrate voltage VBB is outputted 
from the output node OUT.vbb. 

As mentioned above, since the substrate voltage generating 
20 circuit of the first embodiment of the invention achieves a higher speed 

15 



of circuit operation of the level shift circuits 101 and 102, a substrate 
voltage as desired can be generated. Further, since the penetrating 
current of the level shift circuits 101, 102 can be prevented, the power 
consumption of the substrate voltage generating circuit can be reduced. 
5 Further, since the layout area of the level shift circuits 101, 102 is 

reduced, the circuit area of the substrate voltage generating circuit can 

be reduced. 

Second preferred embodiment 
10 A substrate voltage generating circuit according to a second 

embodiment of the invention is now described. The substrate voltage 
generating circuit of the second embodiment is different from that of 
the first embodiment in that the circuit configurations of the level shift 
circuits 101, 102 of the first embodiment as described with reference to 
15 Figs. 1 and 2 is changed to the circuit configuration as shown in Fig. 3. 

Fig. 3 is a circuit diagram showing the configuration of the 
substrate voltage generating circuit according to the second 
embodiment of the invention. 

The level shift circuit of the substrate voltage generating circuit 
20 of the second embodiment of the invention comprises PMOS transistors 
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P3 1 (first agistor) and P32 (second transistor), and NMOS transistors 
N3 1 (third transistor), N32 (fourth transistor), N33 (fifth transistor) 
and N34 (sixth transistor). The PMOS transistor P31 has a gate to 
which the input signal in.101 (first input signal) is supplied, a source 
5 connected to the first power supply node to which the power supply 
voltage VDD is supplied, and a drain connected to a node n31 (first 
node). The PMOS transistor P32 has a gate to which the input signal 
/in .101 (second input signal) having a phase opposite to the input 
signal in 101 is supplied, a source connected to the second power 
10 supply node to which the power supply voltage VDD is supplied, and a 
dramconnectedtotnenodenSl. The NMOS transistor N31 has a gate 
connected to the node n31, a source connected to the NMOS transistor 
N33, and a drain connected to the drain of the PMOS transistor P31. 
The NMOS transistor N32 has a gate connected to the drain of the 
15 PMOS transistor P31, a source connected to the NMOS transistor N34, 
and a drain connected to the output terminal OUT. The NMOS 
transistor N33 has a gate to which the input signal in.101 is supplied, a 
source connected to the output node OUT.vbb, and a drain connected 
to the source of the NMOS transistor N31. The NMOS transistor N34 
20 has a gate to which the input signal /in 101 is supplied, a source 
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connected to the output node OUT.vbb, and a drain connected to the 
source of the NMOS transistor N32. The node n31 is connected to the 
output terminal OUT. 

The thickness of gate oxide films of the NMOS transistors N33 
and N34 are thicker than those of the NMOS transistors N31 and N32. 
The above thickness relationship between these NMOS transistors is 
required in order that the NMOS transistors N33 and N34 function as 
resistance elements sufficiently. 

The level shift circuit 102 has the same configuration of the 
level shift circuit 101 shown in Fig. 3, and also has the input terminal IN 
to which the input signal in.102 is supplied and the input terminal /IN 
to which the input signal /in.102 is supplied. 

An operation of the substrate voltage generating circuit of the 
second embodiment is described next. Since the operation of the 
constituents of the substrate voltage generating circuit other than the 
level shift circuit are the same as the operation of those of the first 
embodiment, the operation of the level shift circuit alone is described 
next. 

Described first is an operation in the case where the input 
3 signal in.101 of "L" (power supply voltage VSS) is supplied to the input 
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terminal IN, and the input signal /in 101 of "H" (power supply voltage 
VDD) is supplied to the input terminal /IN. The PMOS transistor P31 
turns ON in response to the input signal in 101 of V (power supply 
voltage VSS). At this time, since the substrate voltage VBB is supplied 
to the source of the NMOS transistor N33, the NMOS transistor N33 
does not turn ON completely and functions as a resistance element 
Further, since the thickness of the gate oxide film of the NMOS 
transistor N33 is set to a thickness thicker than those of the NMOS 
transistors N31 and N32, the NMOS transistor N33 has relatively high 
resistance value at this time period. Further, the PMOS transistor P32 
turns OFF and the NMOS transistor N34 turns ON in response to the 
input signal /in. 101 of "H" (power supply voltage VDD). Since the 
NMOS transistor N33 functions as the resistance element, the power 
supply voltage VDD is instantaneously supplied to the gate of the NMOS 
transistor N32, and hence the NMOS transistor N32 turns ON. This 
means that the level shift circuit 101 operates rapidly. Since the NMOS 
transistor N32 turns ON, the the voltage of the output terminal OUT 
goes V, the substrate voltage VBB. Since the voltage of the output 
terminal OUT goes V, i.e. the substrate voltage VBB, the NMOS 
3 transistor N31 turns OFF. In such a manner, the substrate voltage VBB 
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is outputted from the output terminal OUT of the level shift circuit. 

Described next is an operation in the case where the input 
signal ta.101 of "H" (power supply voltage VDD) is supplied to the input 
terminal IN, and the input signal /ta.101 of V (power supply voltage 
5 VSS) is supplied to the input terminal /IN. The PMOS transistor P31 
turns OFF and the NMOS transistor N33 turns ON in response to the 
input signal ta.101 of «H» (power supply voltage VDD). The PMOS 
transistor P32 turns on in response to the input signal /ta.101 of "L" 
(power supply voltage VSS). Since tile substrate voltage VBB is 
10 supplied to the source of the NMOS transistor N34, the NMOS transistor 
N34 does not turn OFF completely and functions as a resistance 
element. Further, since the thickness of the gate oxide film of the 
NMOS transistor N34 is set to a thickness thicker than those of the 
NMOS transistors N31 and N32, the NMOS transistor N34 has relatively 
15 high resistance value at this time period. Since the NMOS transistor 
N34 functions as the resistance element, the power supply voltage VDD 
instantaneously goes «H», i.e. the power supply voltage VDD level, and 
hence the NMOS transistor N31 turns ON. This means that the level 
shift circuit 102 operates rapidly. Since the NMOS transistor N31 turns 
20 ON, the substrate voltage VBB is supplied to the gate of the NMOS 
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transistor N32, and hence the NMOS transistor N32 turns OFF. In 
such a manner, the output signal out 101 of the power supply voltage 
VDD is outputted from the output terminal OUT of the level shift 
circuit. 

5 As mentioned above, since the substrate voltage generating drcuit of 
the second embodiment of the invention achieves a higher speed of 
circuit operation of the level shift circuits 101 arrd 102, a substrate 
voltage as desired can be generated. Further, since the penetrating 
current of the level shift circuits 101, 102 can be prevented, the power 
10 consumption of the substrate voltage generating circuit can be reduced. 
Further, since the layout area of the level shift circuits 101, 102 is 
reduced, the circuit area of the substrate voltage generating circuit can 
be reduced. 

While the preferred form of the present invention has been 
15 described, it is to be understood that modifications will be apparent to 
those skilled in the art without departing from the spirit of the 
invention. The scope of the invention is to be determined solely by the 
following claims. 
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